The dynamics of coupled chaotic bistable systems are studied. Two-phase domains are formed and do not alternate with each other contrary to the switching of an uncoupled single oscillator. Typically, domains show two types of behavior-amplitude deaths or frequency synchronizations. Such properties appear universal for chaotic bistable systems with broad time scales.
Many systems in physics, chemistry, and biology can be considered as assemblies of coupled oscillators [1, 2] . These systems can be categorized by the local dynamics of oscillators and the network structures between them. In reaction diffusion systems, oscillators are coupled diffusively, where local dynamics can be bistable, excitable or oscillatory. They are classified according to their local dynamics and the characteristics of each class has been well understood [3] . In recent years, the cases where the local dynamics are chaotic have aroused a great deal of interests. These studies were performed using the various models such as cellular automata [4] , coupled map lattices [5] [6] [7] , and coupled oscillators [8] [9] [10] [11] [12] It is well known that two coupled chaotic oscillators can be synchronized by weak couplings [13, 14] . However N coupled chaotic oscillators with large N exhibit not only synchronization but also complex behaviors such as nontrivial collective behavior [4] and size instability [8] . Many researches on coupled chaotic oscillators are performed on Rössler systems which enables the phase description easily using Hilbert transformation [14] . In particular, the studies show that from topological considerations line defects are general property of coupled oscillators with period doubling bifurcations [9] and such line defects are observed in recent experiment [15] .
However there are many chaotic oscillators which does not follow the period doubling bifurcations [16] and more studies on coupled systems of such oscillators are needed. Especially we want to know whether the universal property exists and can be categorized according to the characteristics of local dynamics. In this letter, we investigate the characteristics of the N coupled chaotic bistable systems [17] . The study shows that two phase domains are formed and each domain shows "amplitude death" [18, 19] or frequency synchronization due to broad time scales [20] .
In particular, we consider N diffusively coupled Lorenz oscillators with periodic boundary conditions,
The dynamics in such a system is expected to be quite general to any coupled chaotic oscillators as long as the involved chaotic systems have multiple saddle points, which is the key point of multistability and broad time scales. From now, we specifically concentrate on the parameter values σ = 10, b = 8/3. However, the results will not change as long as the chaotic bistable nature of attractor is preserved. The Lorenz oscillator has three steady state O, R, L:
For r > 24.74, there is a chaotic attractor consisting of two wings ( Fig. 1(a) ). Trajectory circulates around R a few times, moves to left, and circulates around L and so on. These alterations are repeated indefinitely and erratically.
While the synchronization of small numbers of coupled Lorenz oscillators is achieved with weak coupling [11] , this is not the case for the large number of coupled oscillators. In particular, linear analysis shows that Lyapunov exponent of kth Fourier component λ k is given by λ k = λ 0 − 4d sin 2 (πk/N), where λ 0 corresponds to the Lyapunov exponent of an uncoupled single oscillator [8] . Therefore for fixed coupling d, as the system size N exceeds a critical value synchronous states become unstable. Hence N coupled Lorenz oscillators are desynchronized. The dynamics of the Lorenz oscillator have bistable nature, thus two phase domains spontaneously occur following this size instability.
Shown in Fig. 2 is the numerical results of Eq. (1). There are two different domains DR, DL: each domain consists of the oscillators which move near the saddle points R, L respectively. As we can see in Fig. 2(b) , z values at the boundary of domains are small, corresponding to the points at which two wings of Lorenz attractor meet. Some domains are frozen and some domains are oscillating, however domains DL remains DL and DR remains DR (Fig. 2) . In other words, the trajectory of each oscillator is confined either in left wing or right as in Fig. 1(c) , 1(d) . This is in contrast to the single oscillator without diffusive coupling where trajectory alternates left wing and right indefinitely.
Why this confinement in a single wing occurs? The origin of confinement is the interference between the oscillators in each domain. Consider the one oscillator u(i) in DL domain, which begins to shoot over from left wing to the right. But u(i − 1) and u(i + 1), the neighbors of u(i) have slightly different values from u(i). These small deviations give very different dynamics from u(i) due to the sensitivity on initial conditions of chaotic oscillators; u(i + 1) and u(i − 1) tend to remain in left wing. Diffusive coupling with these neighbors prevent u(i) from moving to the other wing.
Similar domain structure and the confinement also have been reported in the study of multi-species Gray-Scott model [21] and coupled band chaotic maps [7] . However in these systems, segregation to domains and confinement come from the local dynamics at each node which is already confined without coupling in one state among multistable states. In contrast, the dynamics of single Lorenz system are characterized with the chaotic alteration between two wings and the confinement of coupled Lorenz oscillators comes from the interference between oscillators.
Coupled logistic maps and Rössler oscillators [10] with some appropriate parameter values can be considered as chaotic bistable system also; they show two phase domains. However these domains are unstable or alternate with each other reflecting the regular alternating nature of the dynamics of oscillators. In contrast, the switching between two wings occur erratically in the Lorenz system. Thus domains cannot alternate with each other and we find two types of domains : frozen domains and pulsating domains as in Fig. 2 .
In Fig. 2 and 3(a) , one can clearly see many stationary domains, which we call frozen domains. Fig. 1(c) is the time series of u(i) at one oscillator (i = 210) in a frozen domain. It shows that the frozen domains are exactly stationary. One also observes another kind of domains with recurrent oscillations [22] : pulsating domains. In general, larger domains tend to be pulsating rather than frozen.
Although we deal with the identical oscillators, these two types of domains can be well understood using the terminology of coupled nonidentical oscillators. It has been reported that coupled limit cycle oscillators with randomly distributed natural frequencies show very rich dynamics including steady states such as frequency locking or "amplitude death" [18, 19] , as well as unsteady states such as periodic, quasiperiodic or chaotic evolution. The amplitude death indicates the phenomena that all the oscillators in the coupled systems stop the motions and so amplitudes quench. We consider the identical Lorenz oscillators but they have broad time scales, so effectively they act as oscillators with various natural frequencies [20] . Then we can view the frozen states as amplitude death and pulsating states as unsteady states of coupled oscillators of various frequencies. The oscillators in frozen states have different nonzero values since if they had the same values then they could not be frozen. These aspect seem to be somewhat different from the amplitude death of coupled limit-cycle oscillators, where all of them have zero values. But oscillation amplitude is zero and the mechanisms involved, deaths by interference between different dynamics, are same.
To investigate the dynamics of pulsating domains in more detail, we consider one particular pulsating domain from i = 279 to i = 292 in Fig 2. As in Fig. 3(b) , the power spectrum of different oscillators in this domain have same peak values which indicate the frequency of recurrence. The spectrum is contrast with the broad power spectrum of an uncoupled single oscillator which dose not have characteristic frequencies. Coupling selects one time scale out of broad time scales and oscillators are synchronized to this frequency. Although size instability prevents the synchronization of whole system, frequencies can be synchronized in small domains. However the phases are not synchronized, otherwise domains would switch to other states. The pulsating domains with too large width become unstable and evolve into the smaller domains which can be either pulsating or frozen. A large domain near the right edge of Fig. 2 is an example of a such splittings.
To test the universality of all these observations, we consider a lattice of coupled Chua oscillators:
where g(x) = m 1 x + (m 0 − m 1 )/2(|x + 1| − |x − 1|). The Chua oscillator has the structure of double scroll of chaos. With diffusive coupling, we find the similar properties with the coupled Lorenz attractors. Fig. 4 shows the domain segregation; the domains do not alternate and confined in one part of double scroll. Also one can see clearly two kind of domains: frozen and pulsating domains. From these we can conclude that the amplitude deaths and the frequency synchronizations in domains are general properties of coupled chaotic bistable systems. Two dimensional numerical simulations of coupled Lorenz oscillators also show the same phenomena as one dimension: the two phase domains arise and are confined as in Fig.5 . Some oscillators are frozen and some oscillators move quasiperiodically. The domain boundaries show rather irregular shapes. As time goes the irregularity decreases owing to the curvature induced drift [3] motion of boundaries, but do not disappear entirely (Fig.5) .
In summary, we have studied the general properties of the coupled chaotic bistable systems with broad intrinsic time scales. Observed two types of domains, frozen and pulsating, can be viewed as the amplitude death and the frequency synchronization which are ubiquitous in coupled nonidentical oscillators [18] . It is a novel phenomena that amplitude deaths and synchronizations coexists in one single systems. Also to our knowledge this letter is the first observation of amplitude death of coupled identical oscillators. It was previously observed only in coupled nonidentical limit-cycle oscillators [18] and coupled identical oscillators with time delay [19] .
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